Description of Francisella hispaniensis sp. nov., isolated from human blood, reclassification of Francisella novicida (Larson et al. 1955 ) Olsufiev et al. 1959 as Francisella tularensis subsp. novicida comb. nov. and emended description of the genus Francisella Strain FhSp1 T , isolated from human blood in Spain in 2003, was studied for its taxonomic allocation. By 16S rRNA and recA gene sequencing, the strain was shown to belong to the genus Francisella. In the 16S rRNA gene sequence, Francisella sp. FhSp1 T shared similarity of more than 99 % with strains of Francisella tularensis subspecies and Francisella novicida U112 T , 98 % with Francisella piscicida GM2212 T and 98.4 % with Francisella philomiragia ATCC 25015 T . In the recA gene sequence, Francisella sp. FhSp1 T exhibited 91.6-91.7 % similarity to strains of F. tularensis subspecies, 91.2 % to F. novicida U112 T and 84 % to F. philomiragia ATCC 25017. The genus affiliation was supported by a quinone system typical of Francisella (Q-8 as the major component), a complex polar lipid profile similar to that of F. tularensis with the major components diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and an unknown aminophospholipid (APL4) and a fatty acid profile consisting mainly of C 10 : 0 (17.2 %), C 14 : 0 (11.2 %), C 16 : 0 (13.1 %), C 18 : 0 3-OH (14.2 %) and C 18 : 1 v9c (7.1 %). DNA-DNA hybridization, which showed unambiguously that FhSp1 T represents a novel species, and the results of biochemical tests allowed genotypic and phenotypic differentiation of the isolate from all hithertodescribed Francisella species. A multiplex PCR developed in the course of this study discriminated FhSp1 T from representatives of all other Francisella species and subspecies, clades A.I and A.II of F. tularensis subsp. tularensis and F. tularensis subsp. holarctica biovar japonica and also between these representatives of the genus. Therefore, we propose the name Francisella hispaniensis sp. nov., with the type strain FhSp1 T (5FnSp1 T 5FSC454 T 5F62 T 5DSM 22475 T 5CCUG 58020 T ). Furthermore, we formally propose the transfer of the species Francisella novicida to the species Francisella tularensis as Francisella tularensis subsp. novicida comb. nov. (type strain ATCC 15482 T 5CCUG 33449 T 5CIP 56.12 T ). We also present an emended description of the genus Francisella.
The genus Francisella, together with Wolbachia persica, Fangia hongkongensis and Caedibacter taeniospiralis, represents one of, if not the deepest branch in the class Gammaproteobacteria (Forsman et al., 1994; Lau et al., 2007; Gao et al., 2009) . At the time of writing, the genus Francisella comprises four recognized species, F. tularensis, with the three subspecies F. tularensis subsp. tularensis, F. tularensis subsp. holarctica and F. tularensis subsp. mediasiatica, F. novicida, F. philomiragia and F. noatunensis (formerly F. philomiragia subsp. noatunensis), with the two subspecies F. noatunensis subsp. noatunensis and F. noatunensis subsp. orientalis (McCoy & Chapin, 1912; Larson et al., 1955; Olsufiev et al., 1959; Olsufjev & Meshcheryakova, 1983; Hollis et al., 1989; Ottem et al., 2009; Mikalsen et al., 2007) . A fifth species, Francisella piscicida (Ottem et al., 2007) , was proposed to represent a later heterotypic synonym of F. noatunensis subsp. noatunensis (Ottem et al., 2009 ) based on high degrees of sequence similarities in certain housekeeping genes and results from DNA-DNA hybridizations slightly below the threshold (70 % reassociation) for species delineation. However, the reliability of these taxonomic rearrangements cannot be considered to be certain and, hence, we use the name F. piscicida in this contribution.
In several publications, including the chapter on Francisella in the second edition of Bergey's Manual of Systematic Bacteriology (Sjöstedt, 2005) , F. novicida is named Francisella tularensis subsp. novicida (Sjöstedt, 2005) , but this name is not formally correct; although Sjöstedt (2005) proposed the transfer of this species to F. tularensis as the subspecies 'F. tularensis subsp. novicida', this name has never been validly published.
Strain FhSp1 T was presumptively identified as a strain of F. novicida (Escudero et al., 2003) . However, recent analyses of five housekeeping genes and two genes encoding membrane proteins (Nübel et al., 2006; Escudero et al., 2010) as well as genomic fingerprinting using RAPD-PCR carried out in the course of our study (results not shown) revealed a clearly distant position of this strain from recognized Francisella species and subspecies. This uncertain taxonomic affiliation was further affirmed by the results of DNA typing methods employing 38 canonical insertion-deletion markers, in which strain FhSp1 T failed in amplification of seven tested loci (Larsson et al., 2007) . Escudero et al. (2008) named strain FhSp1 T an unusual F. tularensis strain. Here we report the classification of FhSp1 T as a member of a novel species of Francisella, applying biochemical, physiological, chemotaxonomic and genetic characterization. Furthermore, we formally propose to transfer the species F. novicida to the species F. tularensis as Francisella tularensis subsp. novicida comb. nov. FhSp1 T showed distinct, convex, pale-white to grey colonies that reached maximum size (3-4 mm diameter) in 48 h on cysteine heart agar (HCA; BD) at 37 u C. Cysteine is not required for growth but enhances it. FhSp1 T could also be grown on Columbia blood agar, whereas no growth occurred on MacConkey agar plates. Cell morphology was observed under an Axiostar microscope (Zeiss) at 61000, with cells grown for 2 days at 37 u C on HCA. The pleomorphic and coccoid rods of FhSp1 T stained faintly Gram-negative.
Amplification and sequencing of the 16S rRNA-encoding gene and recA were carried out as reported previously (Scholz et al., 2006) using the primers listed in Table 1 (16S  rRNA gene : 27f, 1492r, 341f, 518r, 926f; recA: recA_tul_f, recA_tul_r) . Amplification of recA consisted of an initial denaturation step at 94 uC for 5 min and 30 cycles of denaturation at 94 u C for 30 s, annealing at 60 u C for 30 s and elongation at 72 u C for 30 s and a final elongation step at 72 u C for 60 s. Primers recA_tul_f and recA_tul_r were constructed based on accessible genomic sequences of certain francisellae. 16S rRNA gene (1471 bp) and recA (965 bp) sequences of FhSp1 T were compared to entries in the EMBL database using the FASTA33 search tool (Pearson & Lipman, 1988) . Strain FhSp1 T showed 99.7 % 16S rRNA gene sequence similarity to F. novicida U112 T and F. tularensis subsp. tularensis SCHU S4 and strain FSC198, 99.5-99.6 % to other F. tularensis subspecies, 98.2-98.4 % to strains of F. philomiragia, including the type strain ATCC 25015 T , and 98.0 % to F. piscicida GM2212 T . The recA gene sequence of FhSp1 T shared 91.2-91.7 % with the corresponding sequences of members of different Francisella subspecies, including F. novicida U112 T , and 84 % with that of F. philomiragia ATCC 25017 in 941 overlapping positions. recA sequences of recognized Francisella subspecies shared 99.9-100 % similarity with each other and 98.9-99.0 % with that of F. novicida U112 T . These data indicate a close relatedness of F. novicida to F. tularensis and a quite distant position of FhSp1 T from recognized Francisella species. Subsequent analysis of the recA gene was performed using the software package MEGA version 4.0 (Tamura et al., 2007) after multiple alignment of sequences by CLUSTAL_X (Thompson et al., 1997) . Distance options were according to the maximum composite likelihood model and clustering with the neighbour-joining method was performed by using bootstrap values based on 2000 replications. A recAbased tree is shown in Fig. 1 . In further analyses, the relatedness of FhSp1 T and F. novicida suggested by sequence similarities was confirmed.
For fatty acid, polar lipid and quinone analysis, cells were grown on HCA at 37 u C with 5 % CO 2 for 48 h, except F. piscicida DSM 18777 T , which was kept at 20 u C under ambient atmosphere, suspended in PBS, heat-killed and then lyophilized. Fatty acid methyl esters were prepared as described by Kämpfer & Kroppenstedt (1996) .
The fatty acid profile of FhSp1 T consisted of C 10 : 0 (17.2 %), C 18 : 0 3-OH (14.2 %), C 16 : 0 (13.1 %), C 14 : 0 (11.2 %), C 18 : 1 v9c (7.1 %), C 24 : 1 (5.0 %), C 18 : 0 (3.8 %), C 16 : 0 3-OH (2.8 %), C 10 : 0 2-OH (2.7 %), C 22 : 0 (2.5 %), C 24 : 0 (2.5 %), C 20 : 0 (1.7 %), iso-C 15 : 0 2-OH and/or C 16 : 1 v7c (1.4 %), anteiso-C 15 : 0 (1.6 %), iso-C 15 : 0 (1.1 %), C 12 : 0 (0.9 %), C 20 : 2 v6,9c (0.8 %), C 17 : 0 3-OH IP: 54.70.40.11
On: Thu, 20 Dec 2018 01:20:27 Table 1 . Oligonucleotide primers used in this study and expected amplicon sizes when used in multiplex PCR Primers were designed in this study unless indicated otherwise.
Primer
Sequence (5 §-3 §) Reference* Amplicon size (bp) GGACTAAGAGTACCTTTTTGAGT 2 (0.7 %), anteiso-C 17 : 1 v9c (0.6 %), C 13 : 1 at 12-13 (0.5 %), anteiso-C 17 : 0 (0.4 %), C 9 : 0 (0.1 %) and an unidentified acid with an equivalent chain-length of 14.969. This fatty acid profile shares the majority of characteristics reported for different F. tularensis and F. novicida strains (Jantzen et al., 1979; Hollis et al., 1989) , including relatively large amounts of C 10 : 0 , C 14 : 0 , C 16 : 0 , C 24 : 1 and the long-chain hydroxy acid C 18 : 0 3-OH and presence of significant amounts of C 10 : 0 2-OH, C 16 : 0 3-OH, C 20 : 0 , C 22 : 0 and C 24 : 0 . A fatty acid profile containing these components is unique among bacteria and, hence, it supports the assignment of FhSp1 T to the genus Francisella.
Quinones were extracted and analysed by HPLC as described by Tindall (1990a) and Altenburger et al. (1996) . The HPLC was equipped as described by Stolz et al. (2007) . Strain FhSp1 T exhibited a quinone system with the major compound ubiquinone Q-8 (98 %) and traces of Q-9 (2 %). The quinone system supports the affiliation of strain FhSp1 T to the genus Francisella; several strains of the genus analysed for this trait also showed a quinone system with the major ubiquinone Q-8 (Hollis et al., 1989) . Our analysis of the quinone systems of strain FhSp1 T , F. tularensis subsp. holarctica strains F76 and ATCC 29684, F. tularensis subsp. mediasiatica F65, F. tularensis subsp. tularensis strains ATCC 6223 T and SCHU S4, F. tularensis subsp. novicida ATCC 15482 T , F. philomiragia ATCC 25015 T and F. piscicida DSM 18777 T showed similar results. The main quinone was ubiquinone Q-8 (95-100 %), and minor amounts of ubiquinone Q-9 were also detected.
Polar lipids were extracted and analysed by two-dimensional TLC after Tindall (1990b) . The polar lipid profile of strain FhSp1 T was almost identical to that of F. tularensis subsp. tularensis ATCC 6223 T (Fig. 2a ), differing only by the absence of trace amounts of an unidentified aminophospholipid (APL2). The polar lipid profile of F. tularensis subsp. tularensis ATCC 6223 T was composed of the major lipids phosphatidylethanolamine and diphosphatidylglycerol, moderate amounts of phosphatidylcholine and an unidentified aminophospholipid (APL4) and phospholipid (PL3) and minor to trace amounts of phosphatidylglycerol, unidentified phospholipids (PL1, PL2), an unidentified lipid with highly hydrophobic chromatographic behaviour (L) and unidentified aminophosphoglycolipids (APGL1-2), aminophospholipids (APL1-3) and an aminolipid (AL2). The polar lipid profile of F. novicida ATCC 15482 T was indistinguishable from that of F. tularensis subsp. tularensis ATCC 6223 T (not shown). The most striking difference in the polar lipid profile of F. philomiragia ATCC 25015 T was the absence of aminophospholipid APL4 (Fig. 2b ). Furthermore, aminophospholipid APL2 was not detectable, but minor amounts of an unidentified glycolipid (GL) and an unidentified aminolipid (AL1) were found. F. piscicida DSM 18777 T exhibited a polar lipid profile most similar to that of F. philomiragia subsp. philomiragia ATCC 25015 T but with trace amounts of APL2 and no detectable APGL2, AL1, AL2 and PL1 (not shown). These polar lipid profiles reflect quite well the close phylogenetic relationship between FhSp1 T and F. tularensis subsp. tularensis on the one hand and between F. philomiragia ATCC 25015 T and F. piscicida DSM 18777 T on the other.
Metabolic fingerprinting was done using the Biolog MicroLog system (Gram-negative identification test panel GN2 MicroPlates) according to the instructions of the manufacturer. All strains were first grown on HCA at 37 u C with 5 % CO 2 , except for F. piscicida DSM 18777 T , which was kept at 20 u C under ambient atmosphere. All strains were tested at least three times in independent test series. MICs of antimicrobial agents were determined by Etest (AB Biodisk; Tec-Laim) on HCA supplemented with 9 % chocolatized red blood cells (CHAB) . From 48 h cultures on CHAB plates, cells of strain FhSp1 T were resuspended in physiological saline to achieve a turbidity equivalent to that of a McFarland standard 0.5 and applied to the agar with the help of a sterile swab before application of Etest strips.
MICs were read after 48 h of incubation at 37 u C in an atmosphere with 5 % CO 2 . For quality assurance, each batch of plates was tested with the control strains F. tularensis subsp. tularensis ATCC 6223 T and F. tularensis subsp. holarctica NCTC 10857 T .
Results of physiological and biochemical tests and susceptibility tests for antimicrobial agents are given in Table 2 or listed in the species description. Strain FhSp1 T differed from F. novicida ATCC 15482 T in 13 traits and from the other type strains of recognized Francisella species and subspecies in at least 12 traits.
For environmental studies aiming at identifying potential zoonotic reservoirs of F. tularensis or related species as well as in epidemiology, rapid differentiation of bacterial strains belonging to the genus Francisella is mandatory. Known differences in virulence between the distinct subspecies of F. tularensis may be critical for the clinical management of tularaemia patients. Moreover, the unusual natural resistance of strains affiliated to the genus Francisella against a wide range of antibiotics necessitates the rapid identification of these strains in critically ill people. There are several lines of evidence to show that immunocompromised patients in particular are prone to infections with uncommon Francisella strains that are not detected or identified by classical microbiological methods (Kugeler et al., 2008) and which might even occur in regions that were not considered to be endemic for F. tularensis or related species (Leelaporn et al., 2008) .
PCR-based identification of Francisella strains at the genus, species and subspecies levels has been developed by Forsman et al. (1994) on the basis of differences in the 16S rRNA gene. Johansson et al. (2000) designed primers to differentiate between F. tularensis subsp. tularensis and F. tularensis subsp. holarctica isolates in a multiplex PCR that, however, needs further analyses in order to distinguish between these subspecies and F. tularensis subsp. mediasiatica and F. novicida. Broekhuijsen et al. (2003) developed a PCR based on the region of difference RD1, which was identified by a genome-wide DNA microarray analysis. This PCR allows discrimination between all three subspecies of F. tularensis, F. novicida and F. tularensis subsp. holarctica biovar japonica with one primer pair. However, it cannot discriminate between the two genotypes of F. tularensis subsp. tularensis, F. philomiragia, F. piscicida and FhSp1 T and, since the characteristic amplicon that identifies F. novicida is larger than 3000 bp, the PCR assay is suboptimal. In the course of this study, examinations were carried out in order to develop a comprehensive multiplex-PCR assay that allows convenient and fast discrimination between Francisella subspecies and species, including FhSp1 T .
PCR template DNA was prepared by three cycles of freezethawing (Wieser & Busse, 2000) from heat-inactivated biomass. In order to find genomic differences suitable for the design of specific primers, comparative genomic fingerprinting was carried out with representatives of each Francisella taxon (results not shown). Primers used for RAPD-PCR fingerprinting and their sequences are listed in Table 1 . Reactions were carried out in a final volume of 25 ml containing 16 Green GoTaq Flexi buffer, 2 mM MgCl 2 , 200 mM each dNTP, 0.6 U GoTaq DNA polymerase (Promega), 8 mM RAPD primer and approximately 5 ng DNA. Reactions were performed using an initial 5 min denaturation step at 95 u C followed by 45 cycles of 1 min at 95 u C, 1 min at 32-38 u C and 2 min at 72 u C and a final extension step of 5 min at 72 u C. The resolution of bands was improved by using a ramp rate of 0.3 u C s 21 . Amplification products (5 ml each) were separated by 1.5 % (w/v) agarose gel electrophoresis in 16 TAE running buffer at a constant voltage of 110 V for at least 90 min. Fragments were visualized with UV light after staining with ethidium bromide. Bands of interest were excised from the gel and DNA was eluted with the QIAquick gel extraction kit according to the instructions of the manufacturer (Qiagen). PCR products were cloned using the Promega pGEM-T Easy vector system and Escherichia coli strain DH10B according to the manufacturer's manual. Plasmid insert sequences (sequencing was done at VBC-genomics, Vienna) were subjected to database searches and compared to genome sequences of Francisella strains (accession nos AM233362, CP000803, CP000437, AJ749949, CP000439, AM286280 and CP000608).
Primers used in the multiplex PCR were constructed based on comparative genomic fingerprinting and information from the literature. By means of RAPD-PCR, sequence fragments potentially suitable for the design of specific primers were identified and sequenced for strains of F. piscicida (RAPD12 band of 201 bp) and F. philomiragia (RAPD6 band of 1259 bp) and FhSp1 T (RAPD13 band of 770 bp) (not shown). For F. tularensis subsp. mediasiatica, a specific primer pair was designed using a variable region that was detected after comparison of larger sequence regions of the F. tularensis subsp. mediasiatica genome sequence with other accessible Francisella genome sequences from the databases. The region of difference RD1 described by Broekhuijsen et al. (2003) provided a Test 1 2 3 4 5 6 7
Activity of: Catalase (+) (+) + + + + (+) Oxidase + 2 + 2 2 2 2 Oxidation of: Dextrin + 2 2 2 2 2 2 Glycogen + 2 2 2 2 2 2 N-Acetyl-D-glucosamine + + + + + 2 + Cellobiose + + 2 2 2 2 2 D-Galactose + + 2 2 2 + 2 Maltose 2 2 + 2 2 2 2 Sucrose + + + 2 2 2 2 Trehalose + 2 + 2 2 2 2 Succinic acid monomethyl ester + + + + 2 + + Acetic acid + 2 2 2 2 2 2 a-Hydroxybutyric acid + 2 + 2 2 2 2 b-Hydroxybutyric acid + + + 2 2 2 2 a-Ketobutyric acid + + + 2 + + + a-Ketoglutaric acid + 2 2 2 2 2 2 DL-Lactic acid + + + 2 2 2 + Succinic acid + + 2 2 2 2 2 Bromosuccinic acid + 2 2 2 2 2 2 Succinamic acid 2 2 + 2 2 2 2 L-Alaninamide Hydroxy-L-proline + 2 2 2 2 2 2 L-Ornithine + + 2 2 2 2 2 L-Pyroglutamic acid + + + 2 2 2 2 L-Threonine + + + 2 2 2 + c-Aminobutyric acid + 2 2 2 2 2 2 Inosine + + + 2 2 2 2 Uridine + + + 2 2 2 + Thymidine + + + 2 2 2 + Glycerol + + + 2 + + 2 DL-a-Glycerol phosphate + + + 2 + + + a-D-Glucose 1-phosphate + 2 + 2 2 2 2 D-Glucose 6-phosphate + 2 + 2 2 2 2 primer pair that resulted in specific products for F. tularensis subsp. tularensis and F. tularensis subsp. holarctica, including biovar japonica [the reverse primer was taken from Broekhuijsen et al. (2003) and the forward primer was redesigned], and was also used to design a primer pair specific for F. novicida (for amplicon sizes, see Table 3 ). The primer pair RD6_f/r (Molins-Schneekloth et al., 2007) allowed differentiation between F. tularensis subsp. tularensis A.I and A.II by lack of the F. tularensis species-specific band of 369 bp in ATCC 6223 T (A.II) .
The primer pairs were tested in individual PCRs (results not shown) and then integrated into one multiplex-PCR assay. The 25 ml reaction mixture consisted of 5 ml 56 buffer, 2.5 ml MgCl 2 , 0.5 ml dNTPs, 0.2 ml each of primers RD1_new_f, RD1_r, F_nov_f and F_nov_r, 0.1 ml each of primers RD6_f, RD6_r, F_pisc_f, F_pisc_r, F_philo_f, F_philo_r, F_62_f, F_62_r, F_med_f and F_med_r, 0.12 ml Promega GoTaq polymerase and 0.5 ml template DNA. Reactions were performed in an Eppendorf Mastercycler using an initial 5 min denaturation step at 95 u C followed by 35 cycles of 1 min at 95 u C, 1 min at 60 u C and 1 min 30 s at 72 u C and a final extension step of 5 min at 72 u C. The products were separated in a 1.5 % agarose gel as described above, stained with ethidium bromide and visualized with UV light. Applying the developed multiplex PCR, all test strains could be correctly identified (Table 3 and Fig. 3) . The assay uses 14 primers Strain FhSp1 T was shown to be distant from the other established Francisella species by sequence analyses of different housekeeping genes (Nübel et al., 2006) as well as in RAPD-PCR and the developed multiplex PCR. Hence, these results indicate that this strain is not a representative of F. novicida or of any other recognized Francisella species, but a representative of a novel species of the genus Francisella.
In order to support the rank of a separate species, DNA reassociation experiments were carried out comparing FhSp1 T with the type strains of two F. tularensis subspecies, F. novicida ATCC 15482 T , F. philomiragia ATCC 25015 T and F. piscicida DSM 18777 T . DNA-DNA hybridization experiments were carried out according to Ziemke et al. (1998) . Nick translation was done with 2 mg DNA for 90 min at 15 u C. High-molecular-mass DNA was extracted and purified according to Pitcher et al. (1989) . DNA concentrations were estimated chemically according to Richards (1974 Here, we propose to reclassify F. novicida as a subspecies of F. tularensis, Francisella tularensis subsp. novicida comb. nov., and therefore give the already widely adopted classification a formal basis. Furthermore, we provide an emended description of the genus Francisella. components diphosphatidylglycerol and phosphatidylethanolamine, moderate to major quantities of phosphatidylcholine and minor amounts of phosphatidylglycerol, three unidentified phospholipids, an aminolipid, two aminophosphoglycolipids and two aminophospholipids. Additional lipids may be present. The quinone system is ubiquinone Q-8. The type species is Francisella tularensis.
Description of Francisella hispaniensis sp. nov.
Francisella hispaniensis (his.pa.ni.en9sis. L. fem. adj. hispaniensis from Hispania, the Latin name for Spain, the country where the type strain was isolated).
Cells are pleomorphic or coccoid rods (approx. 0.561.5 mm). Gram-negative, oxidase-positive and showing weak catalase activity. Good growth occurs on HCA and Columbia blood agar at 20-42 u C with an optimum at 37 u C. Forms distinct, mucoid, pale-white to grey colonies within 24 h with a diameter of approx. 1-2 mm on HCA. Resistant to meropenem, amoxicillin plus clavulanic acid, ampicillin and aztreonam; susceptible to chloramphenicol, tetracycline, doxycycline, gentamicin, tobramycin, streptomycin, nalidixic acid, ciprofloxacin, levofloxacin, erythromycin and rifampicin. Does not produce indole or H 2 S. Negative in the Voges-Proskauer test, nitrate reduction and growth on triple-sugar iron agar. Gelatin and aesculin are not hydrolysed. Negative for arginine dihydrolase, ornithine decarboxylase, lysine decarboxylase, urease and b-galactosidase. The quinone system consists of Q-8 and traces of Q-9. Predominant polar lipids are phosphatidylethanolamine and phosphatidylcholine, as well as an unknown F. tularensis-specific aminophospholipid (APL4). Other polar lipids are diphosphatidylglycerol, phosphatidylglycerol, unknown phospholipids (PL1-3), an unknown lipid (L) and some unknown aminophosphoglycolipids (APGL1-2), aminophospholipids (APL1-2) and aminolipids (AL2). The fatty acid profile is mainly composed of the major compounds C 10 : 0 , C 14 : 0 , C 16 : 0 and the hydroxy acid C 18 : 0 3-OH, as well as minor amounts of C 18 : 1 v9c, C 18 : 0 , C 16 : 0 3-OH and C 10 : 0 2-OH. Results of biochemical tests are indicated in Table 2 .
The type strain, FhSp1 T (5FnSp1 T 5FSC454 T 5F62 T 5DSM 22475 T 5CCUG 58020 T ), was isolated in Spain in 2003 from blood of a patient suffering severe septicaemia secondary to acute obstructive pyelonephritis (Escudero et al., 2010) . Other synonym: 'Pasteurella novicida ' Larson et al. 1955 .
Description of
The species shares the characteristics listed in the emended genus description. Further characteristics were summarized by Larson et al. (1955) and Sjöstedt (2005) . Biochemical characteristics determined with the Biolog GN2 MicroPlate are shown in Table 2 .
The type strain, ATCC 15482 T 5CCUG 33449 T 5CIP 56.12 T , was isolated from a water sample from Ogden Bay, Utah, USA, in 1951 (Larson et al., 1955) .
